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MICROCONTROLLER HAVING PREFETCH
FUNCTION

BACKGROUND OF THE INVENTION

The present invention generally relates to a microcontrol-
ler and, more particularly, to a microcontroller that can
prefetch instructions and data.

In recent years, the operating speed of microcontrollers
has increased along with an increase in the operating fre-
quency. However, the operating speed of peripheral devices
such as the memory and interface connected to the micro-
controller have not kept pace with that of the microcontrol-
ler. In order to improve the processing speed of the entire
system, the microcontroller includes a cache memory.
However, 1 data 1s not found 1n the cache memory, the data
must be transferred to the cache memory from a main
memory ol the microcontroller. During data transfer, an
instruction execution unit of the microcontroller enters the
wait state. As a result, the processing speed of the micro-
controller 1s reduced. In particular, when many instructions
such as branch instructions are used, the mishit ratio of the
cache memory increases, and the processing speed 1is
reduced considerably.

Japan Unexamined Patent Publication No. 3—-191427 dis-
closes a microcontroller equipped with a FIFO (first-in-first-
out) memory, which 1s provided between the cache memory
and the instruction execution unit. The FIFO memory stores
an 1nstruction supplied from the cache memory to the
instruction execution unit. The instruction execution unit
checks prior to processing whether the instruction stored in
the FIFO memory 1s a branch instruction. The instruction
execution unit compares the branch destination address and
the tag information of the cache memory when the branch
instruction 1s 1dentified. If the comparison does not produce
a match, the instruction execution unit transfers the data
oroup of the main memory referenced according to the
branch destination address to the cache memory. By pre-
checking the instruction, the instruction of the branch des-
fination 1s stored 1n the cache memory before the 1nstruction
execution unit executes the branch mstruction. Accordingly,
the mishit ratio of the cache memory 1s reduced.

However, 1n order to check the branch instruction, a read
circuit, a decoder, and a circuit for generating the branch
destination address of the branch mstruction are necessary.

Since these circuits have a complicated circuit configu-
ration akin to the instruction execution unit, the circuit area
1s increased. Further, when the processing of the instruction
execution unit 1s relatively fast, the instructions stored
sequentially 1n the FIFO memory are transferred quickly to
the 1nstruction execution unit. Accordingly, storage of the
instruction of the branch destination in the cache memory
before the processing of the instruction execution unit 1s
delayed. The microcontroller prechecks the branch instruc-
tion and prepares the instruction of the branch destination in
the cache memory. However, data 1s not prepared previously
in the cache memory. In other words, the aforementioned
microcontroller does not support data prefetch.

It 1s an object of the present invention to provide a
microcontroller having improved processing speed and a
decreased mishit ratio of instructions and data.

SUMMARY OF THE INVENTION

In one aspect of the present invention, a method 1s
provided that prefetches instructions and data of a program

10

15

20

25

30

35

40

45

50

55

60

65

2

stored 1n a memory. The program includes a pseudo 1struc-
tion and at least one of an unconditional branch instruction,
a conditional branch instruction, a CALL 1nstruction, and a
data calling 1nstruction. The pseudo instruction 1s arranged
before the at least one mstruction and indicates that the at
least one 1nstruction or data follows the pseudo instruction.
At least one instruction address of or data address 1s part of
the pseudo 1nstruction. First, the program 1s read from the
memory, and the pseudo instruction 1s detected. Then, the
instruction or data from the memory 1s prefetched 1n accor-
dance with the at least one instruction address or the data

address. The prefetched instruction or data is stored 1n a

buffer.

In another aspect of the present invention, a microcon-
troller includes a buffer, connected to a memory, for storing
instructions and data of a program prefetched from the
memory. The program includes a pseudo 1nstruction, at least
one of an unconditional branch instruction, a conditional
branch instruction, a CALL instruction, and a data calling
instruction. The pseudo instruction 1s arranged before the at
least one 1nstruction and indicates that the at least one
mstruction or data follows the pseudo instruction. At least
one 1nstruction address or data address 1s part of the pseudo
instruction. An instruction execution unit receives the
instruction and data from the buffer and executes a prede-
termined processing operation using the instruction and
data. A pseudo mstruction detection unit detects the pseudo
instruction included in the program prefetched from the
memory. An address control unit prefetches the instruction
or data 1n accordance with at least one instruction address or
data address when the pseudo instruction i1s detected.

In yet another aspect of the present mmvention, a device
detects a pseudo 1nstruction preset before a specific mstruc-
tion. The pseudo instruction includes an opcode and an
operand. The device includes a detection circuit, connected
to a data line, for receiving the pseudo instruction transferred
on the data line and detecting the opcode included in the
pseudo 1nstruction. A detection timing circuit calculates
instruction length or the number of operands of the pseudo
instruction from the opcode and determining the transfer
period of the opcode based on the instruction length or the
number of operands. The detection timing circuit supplies a
signal for validating the opcode detection operation during
an operand transfer period.

In one aspect of the present invention, a recording
medium has a program stored thereon. The program includes
a pseudo 1nstruction and at least one of an unconditional
branch 1nstruction, a conditional branch 1nstruction, a CALL
instruction, and a data calling instruction. The pseudo
instruction 1s arranged before the at least one instruction and
indicates that the at least one instruction or data follows the
pseudo mstruction. The at least one instruction address or
data address 1s part of the pseudo instruction.

In another aspect of the present invention, a microcon-
troller 1s connected to a memory and stores 1nstructions and
data. The microcontroller includes an instruction execution
unit for reading instructions and data from the memory and
processing the read instructions. A prefetch circuit unit
receives 1nstructions and data read from the memory in
response to a fetch signal and detects pseudo instructions
included 1n the instructions and data. A pseudo instruction
precedes a branch instruction and indicates the existence of
the branch instruction. The prefetch circuit unit includes a
prefetch buffer connected between the instruction execution
unit and the memory for temporarily storing instructions and
data being transferred from the memory to the instruction
execution unit. A bus interconnects the prefetch buffer and
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the memory. A pseudo 1nstruction detection unit detects
pseudo 1nstructions among the instructions and data being
transferred from the memory to the prefetch buffer. A
holding circuit stores operands of the pseudo mstruction. A
pseudo 1nstruction buifer temporarily stores instructions and
data fetched from a location in the memory which 1s pointed
to by the branch instruction following the pseudo instruc-
fion. An address control unit generates the fetch signal and
generates a memory address which points to the address of
a next word to be read from the memory. When the pseudo
instruction detection unit detects a pseudo instruction, the
instructions and data pointed to by the pseudo mstruction are
fetched from the memory by the address control unit and
stored 1n the pseudo instruction buffer so that when the
branch instruction following the pseudo instruction 1s pro-
cessed by the instruction execution unit, if the branch 1is
taken, the instructions and data pointed to by the branch
instruction have been prefetched and stored in the pseudo
instruction bulifer.

Other aspects and advantages of the invention will
become apparent from the following description, taken in
conjunction with the accompanying drawings, 1llustrating by
way of example the principles of the imvention.

BRIEF DESCRIPTION OF THE DRAWINGS

The 1invention, together with objects and advantages
thereof, may best understood by reference to the following
description of the presently preferred embodiments together
with the accompanying drawings in which:

FIG. 1 1s a schematic block diagram of a microcontroller
according to a first embodiment of the present invention;

FIG. 2 1s a schematic block diagram of a pseudo instruc-
tion detection unit of the microcontroller of FIG. 1;

FIG. 3 1s a schematic block diagram of an address control
unit of the microcontroller of FIG. 1;

FIG. 4 1s a timing chart explaining the operation of the
pseudo 1nstruction detection unit of FIG. 2; and

FIG. 5 1s a schematic circuit diagram of a pseudo instruc-
tion detection unit of the microcontroller according to a
second embodiment of the present 1nvention.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

In the drawings, like numerals are used for like elements
throughout.

First Embodiment

FIG. 1 1s a schematic block diagram of a microcontroller
10 according to a first embodiment of the present invention.
The microcontroller 10 includes a prefetch circuit unit 11
and an 1nstruction execution unit 12. The microcontroller 10
1s preferably embodied as a single chip semiconductor
integrated circuit device.

The prefetch circuit unit 11 receives program instructions
and program data from a main or external memory 13, such
as a ROM (read only memory) or a Flush ROM, and holds
the 1nstructions and the data. The instruction execution unit
12 supplies an address AD indicated by an address counter
14 to the prefetch circuit unit 11 to request the instructions
and the data to be supplied to the prefetch circuit unit 11. The
prefetch circuit unit 11 supplies the 1nstructions or data to the
instruction execution unit 12 1 accordance with the address
AD. The mstruction execution unit 12 decodes the received
instructions or data and executes necessary processing.

The prefetch circuit unit 11 checks whether a predeter-
mined pseudo 1nstruction 1s included in the 1nstructions and
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4

data transferred from the main memory 13. The pseudo
instruction 1s an instruction located in front of a branch
instruction 1n an assembled program and indicates the exist-
ence of the branch instruction. Accordingly, when the
pseudo 1nstruction 1s identified, 1t 1s understood that the
branch instruction follows the pseudo instruction. Further,
the pseudo 1nstruction 1s defined to be handled in the same
manner as a no-operation (NOP) instruction by the instruc-
tion execution unit 12. In the present invention, the branch
mstruction mcludes an unconditional branch instruction, a
conditional branch instruction, a CALL 1nstruction, and a
data calling instruction. Further, “1 1 1 17 1s assigned to the
opcode of the pseudo 1nstruction by an assembler.

The pseudo instruction has four fields (length), including
an “instruction (opcode (operation code))”, an “additional
information (operand)”, an “upper address (operand)”, and a
“lower address (operand)” in this order. The upper address
1s the upper half of a branch destination address ADX
indicated by the corresponding branch instruction. The
lower address 1s the lower half of the branch destination
address ADX 1ndicated by the corresponding branch instruc-
tion. In the presently preferred embodiment and as described
herein, the branch destination address ADX 1s &8 bits.
However, 1t could be more or less than & bats.

The prefetch circuit unit 11 reads the program instruction
from the main memory 13 1n accordance with the branch
destination address ADX indicated by the branch instruction
following the pseudo instruction when the pseudo 1nstruc-
fion 1s 1dentified. Accordingly, when the branch instruction
following the pseudo instruction 1s executed by the instruc-
tion execution unit 12, the instruction of the branch desti-
nation address ADX 1s already held 1n the prefetch circuit
unit 11. As a result, the 1instruction execution unit 12
immediately fetches the instruction of the branch destination
address ADX without a cache mishait.

The prefetch circuit unit 11 includes a pseudo instruction
detection unit 21, a prefetch buifer 22, a prefetch builer tag
memory (hereinafter referred to as a first tag) 23, a pseudo
instruction bufier 24, a pseudo 1nstruction buffer tag memory
(hereinafter referred to as a second tag) 25, an address
control unit 26, first and second gate circuits 27 and 28, and
a bypass gate circuit 29. Each of the prefetch buffer 22 and
the pseudo instruction buffer 24 is preferably a FIFO (first-
in-first-out) memory.

™

The pseudo instruction detection unit 21 1s provided
between the main memory 13 and the prefetch buffer 22 and
checks whether the program instruction and program data
transferred from the main memory 13 to the prefetch buifer
22 are pseudo 1nstructions. Specifically, as shown in FIG. 2,
the pseudo struction detection unit 21 1s connected to a
4-bit data line DL1 to DL3 that connects the main memory
13 and the prefetch butffer 22 and receives an instruction and

data transferred from the main memory 13 to the prefetch
buffer 22 via the data lines DL0 to DL3.

The pseudo instruction detection unit 21 includes a
pseudo 1nstruction detection circuit 31, a shift register 32, an
additional information holding circuit 33, an upper address
holding circuit 34, and a lower address holding circuit 35.

The pseudo mstruction detection circuit 31 1s preferably
an AND circuit having four input terminals respectively
connected to the data lines DLO to DL3. The pseudo
mstruction detection circuit 31 supplies a detection signal
SX High indicating that the transfer instruction 1s a pseudo
mnstruction to the shift register 32 when all nstructions or
data on the data lines DLO to DL3 are H levels (high

potential), 1.e.,“1 1 1 1”. When the transfer instruction is not
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the pseudo 1nstruction, at least one data piece on the data
lines DLO to DL3 is an L level (low potential). Accordingly,
the pseudo 1nstruction detection circuit 31 supplies a detec-
tion signal SX Low to the shift register 32.

The shift register 32 receives the detection signal SX and
a read strobe signal RST. The read strobe signal RST 1s a
clock signal generated in the microcontroller 10. The
prefetch circuit unit 11 reads an instruction and data from the
main memory 13 in accordance with the cycle of the read
strobe signal RST.

The shift register 32 has a three output terminals for
supplying hold signals SFEA, SFB, and SFC to the holding
circuits 33 to 35, respectively. As shown 1n FIG. 4, the shaft
register 32 holds the detection signal SX having the H level
in response to the rising edge from the L level to the H level
of the read strobe signal RST. When a next read strobe signal
RST rises in the holding state, the shift register 32 outputs
a holding signal SFA High. When the next read strobe signal
RST rises 1 the state of the holding signal SFA High, the
shift register 32 outputs a holding signal SFA Low and a
holding signal SFB High. Further, a subsequent read strobe
signal RST rises 1n the state of the holding signal SFB High,
the shift register 32 outputs a holding signal SFB Low and
a holding signal SFC High. When a subsequent read strobe
signal RST rises 1n the state of the holding signal SFC High,
the shift register 32 outputs the holding signals SFA, SFB,
and SFC Low.

Referring again to FIG. 2, the additional information
holding circuit 33 includes four D-type flip-flop circuits (not
illustrated) each of which has a data input terminal con-
nected to the data lines DLO to DL3 and a control input
terminal for receiving the holding signal SFA. The four
D-type tlip-tflop circuits hold 4-bit “additional information™
on the data lines DLO to DL3 1n response to the holding
signal SFA High. In other words, the additional information
holding circuit 33 holds the 4-bit “additional information™ in
response to the holding signal SFA and 1n accordance with
the read strobe signal RST after a 4-bit pseudo instruction
has been transferred.

The upper address holding circuit 34 includes four D-type
flip-flop circuits (not illustrated) each of which has a data
input terminal connected to the data lines DL0O to DL3 and

a control mput terminal for receiving the holding signal
SEB.

The four D-type flip-flop circuits hold the 4-bit “upper
address” on the data lines DLO to DL3 1n response to the
holding signal SFB High. In other words, the upper address
holding circuit 34 holds the 4-bit upper address of the 8-bit
branch destination address ADX in response to the holding
signal SFB which follows the transfer of the 4-bit “addi-
tional information”. The 4-bit upper address 1s supplied 1n
accordance with the read strobe signal RST.

The lower address holding circuit 35 includes four D-type
flip-flop circuits (not illustrated) each of which has a data
input terminal connected to the data lines DLO to DL3 and

a control 1nput terminal for receiving the holding signal
SEC.

The four D-type flip-flop circuits hold the 4-bit “lower
address” on the data lines DLO to DL3 in response to the
holding signal SFC High. In other words, the lower address
holding circuit 35 holds the 4-bit lower address 1n the 8-bit
branch destination address ADX in response to the holding,
signal SFC which follows the 4-bit “upper address”. The
4-bit lower address 1s supplied 1n accordance with the read
strobe signal RST. Accordingly, by combining the “upper
address” held by the upper address holding circuit 34 and the
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6

“lower address” held by the lower address holding circuit
35, the branch destination address ADX 1s obtained follow-
ing the pseudo 1nstruction after the second cycle of the read
strobe signal RST.

The prefetch buffer 22 acquires the program instruction
and program data transferred from the main memory 13 via
the data lines DL0 to DL3 1n response to a first fetch signal
RST1 from the address control unit 26. The prefetch buifer
22 1s connected to the instruction execution unit 12 via the
first gate circuit 27. When the first gate circuit 27 opens in
response to a first gate signal SG1 from the address control
unit 26, the instruction and data fetched in the prefetch
buffer 22 are transferred to instruction execution unit 12.

The first tag 23 stores the head address and final address

[

in the instruction and data acquired in the prefetch buifer.

The pseudo instruction buffer 24 acquires the program
instructions and program data transferred from the main
memory 13 via the data lines DL0 to DL3 in response to a
second fetch signal RST2 from the address control unit 26.
After a pseudo 1nstruction has been detected by the pseudo
mstruction detection unit 11, the instructions and data
pointed to by the pseudo instruction address ADX are
transferred from the main memory 13 and stored in the
pseudo instruction buifer 24 in accordance with the branch
destination address ADX of the pseudo instruction.

The pseudo instruction buffer 24 1s connected to the
instruction execution unit 12 via the second gate circuit 28.

When the second gate circuit 28 opens 1n response to a
second gate signal SG2 from the address control unit 26, the
instructions and data stored 1n the pseudo instruction butfer
24 arc transferred to the instruction execution unit 12.
Accordingly, the address control unit 26 controls the acquir-
ing of the mstructions and data of the respective buifers 22,
24 and the transfer of the instruction and data to the
instruction execution unit 12 from the respective buflers 22,

24.

The second tag 25 stores the head address and the final
address of the instructions and data stored i1n the pseudo
instruction buffer 24.

The maimn memory 13 1s connected to the instruction
execution unit 12 via the bypass gate circuit 29. When the
bypass gate circuit 29 opens 1n response to a bypass signal
BPS from the address control unit 26, the instructions and
data are transferred from the main memory 13 to the
instruction execution unit 12.

FIG. 3 1s a schematic block diagram of the address control
unit 26. The address control circuit 26 includes a prefetch
address comparator 41, a pseudo 1nstruction address com-
parator 42, a NAND circuit 43, first and second address gate
circuits 44, 45, a prefetch address holding circuit 46, a
prefetch address gate circuit 47, a pseudo mstruction address

holding circuit 48, and a pseudo instruction address gate
circuit 49.

The prefetch address comparator 41 compares the address
AD of the address counter 14 and the address of the first tag
23 and supplies a first gate signal SG1 Low to the first gate
circuit 27 when the addresses are the same. The first gate
circuit 27 opens 1n response to the first gate signal SG1 Low,
and the 1nstruction or data of the address comncident with the
address AD 1s transferred to the instruction execution unit 12
from the prefetch buifer 22 via the first gate circuit 27.
Conversely, when the address AD of the address counter 14
and the address (head address) of the first tag 23 are not the
same, the prefetch address comparator 41 supplies a {first
gate signal SG1 High to the first gate circuit 27. The first
gate circuit 27 closes 1n response to the first gate signal SG1
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High. As a result, the instruction or data of the prefetch
bufter 22 1s not transferred to the mstruction execution unit

12.

The prefetch instruction address comparator 42 compares
the address AD of the address counter 14 and the address of
the second tag 25 and supplies a second gate signal SG2
Low to the second gate circuit 28 when the addresses are the
same. The second gate circuit 28 opens 1n response to the
second gate signal SG2 Low, and the instruction or data of
the address coincident with the address AD 1s transferred to

the instruction execution unit 12 from the pseudo instruction
buffer 24 via the second gate circuit 28. Conversely, when
the address AD of the address counter 14 and the address of
the second tag 25 are not the same, the pseudo instruction
address comparator 42 supplies a second gate signal SG2
High to the second gate circuit 28. The second gate circuit
28 closes 1n response to the second gate signal SG2 High. As
a result, the mstruction or data of the pseudo instruction
buffer 24 1s not transferred to the nstruction execution unit

12.

The NAND circuit 43 receives the first and second gate
signals SG1 and SG2 from the address comparators 41 and
42 and supplies a wait signal WT Low to the instruction
execution unit 12 when the first and second gate signals SG1
and SG2 are the H levels (when i1t was determined that the
address AD and the first address are not the same by the
address comparators 41, 42. The instruction execution unit
12 stops its processing operation 1n response to the wait
signal WT Low and waits until a new instruction or data 1s
acquired from either the prefetch buffer 22 or the pseudo
instruction buifer 24. In other words, when the wait signal
WT is the L level, the instruction execution unit 12 cannot
execute processing and waits until a new 1nstruction or data
1s acquired.

The wait signal W'T of the NAND circuit 43 1s supplied
to the first address gate circuit 44 as a third gate signal SG3.
The first address gate circuit 44 receives the address AD
from the address counter 14 and supplies the address AD to
the second address gate circuit 45 1n response to the third
cgate signal SG3 Low. The second address gate circuit 45
receives the address AD from the first address gate circuit 44
and supplies the address AD to the main memory 13. The
main memory 13 receives the address AD from the second
address gate circuit 45 and transfers the instruction and data
of the address to the prefetch circuit unit 11.

Further, the wait signal WT of the NAND circuit 43 1s
supplied to the bypass gate circuit 45 as a bypass signal BPS.
The bypass gate circuit 29 opens 1n response to a bypass
signal BPS Low, and the instruction and data are directly
transferred to the instruction execution unit 12 from the
main memory 13 via the bypass gate circuit 29. When the
bypass gate circuit 29 closes 1n response to the bypass signal
BPS High, the imstruction and data are not directly trans-
ferred to the instruction execution unit 12. Thus, the instruc-
tion execution unit 12 can directly acquire instructions and
data from the main memory 13 via the bypass gate circuit 29
when the 1nstruction or data of the address AD 1s not stored
in the prefetch buffer 22 and the pseudo instruction buifer

24.

The prefetch address holding circuit 46 receives the held
final address from the first tag 23 and generates the address
following the final address. The next address 1s the address
of the next instruction or data that 1s acquired by the prefetch
buffer 22. The prefetch address holding circuit 46 further
generates a full address indicating that the prefetch buifer 22
cannot acquire any more instructions and data when the

buffer 1s full.
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The prefetch address gate circuit 47 receives the address
from the prefetch address holding circuit 46 and the waait
signal WT from the NAND circuit 43, supplies the address
following the final address held in the first tag 23 1n
accordance with a wait signal WT High, and supplies a first
fetch signal RST1 to the prefetch buffer 22. The second
address gate circuit 45 receives an address from the prefetch
address gate circuit 47 and supplies the address to the main
memory 13. Accordingly, the main memory 13 supplies the
instruction and data of the address to the prefetch buifer 22.
The prefetch buffer 22 acquires an instruction and data from
the main memory 13 1n response to the first fetch signal

RSTI.

The pseudo 1nstruction address holding circuit 48 receives
the held final address from the second tag 25 and generates
the address following the final address. The next address 1s
the address of the next instruction and data acquired by the
pseudo 1nstruction butfer 24. The pseudo instruction address
holding circuit 48 further generates the full address indicat-
ing that the pseudo 1nstruction bufier 24 cannot acquire the
instruction when the pseudo instruction buifer 24 becomes

full.

The pseudo 1nstruction address gate circuit 49 receives the
address from the pseudo instruction address holding circuit
48, the wait signal WT from the NAND circuit 43, and the
branch destination address ADX from the pseudo instruction
detection unit 21. The pseudo mstruction address gate circuit
49 supplies the branch destination address ADX or the
address following the final address held 1n the second tag 25
in accordance with the wait signal WT High and supplies a

second fetch signal RST2 to the pseudo instruction buifer
24.

The second address gate circuit 45 receives the branch
destination address ADX or the next address and supplies
the address to the main memory 13. Accordingly, the main
memory 13 supplies the mstruction and data of the address
to the pseudo 1nstruction buifer 24. The pseudo instruction
buffer 24 acquires an instruction and data of the address

from the main memory 13 in response to the second fetch
signal RST2.

The second address gate circuit 45 preferentially selects
the address of the first address gate circuit 44 and then
selects the address of the prefetch or pseudo instruction
address gate circuit 47 or 49. For example, when the address
of the pseudo 1struction address gate circuit 49 1s selected,
the address from the prefetch address gate circuit 47 1s not
selected except for the supply of the address from the first
address gate circuit 44. The second address gate circuit 43
continues selecting the address of the pseudo instruction
address gate circuit 49 until the address becomes a full
address.

Next, the operation of the microcontroller 10 will be
described. Hereupon, assume that nothing 1s stored 1n the
pseudo 1nstruction buffer 24, and the program instructions
and program data are transferred from the main memory 13
to the prefetch buifer 22 via the data lines DLO to DL3. The
instruction execution unit 12 receives the program instruc-
fions and program data from the prefetch buffer 22 and
processes the instructions.

At this time, the prefetch address comparator 41 supplies
the first gate signal SG1 Low to the first gate circuit 27, and
the NAND circuit 43 outputs the wait signal WT High. The
prefetch address gate circuit 47 1s supplying the first fetch
signal RST1 to the prefetch buffer 22. The pseudo 1nstruc-
tion address gate circuit 49 does not supply the second fetch
signal RST2 to the pseudo instruction buffer because noth-




US 6,395,496 Bl

9

ing 1s stored 1n the pseudo mstruction butfer 24. The second
address gate circuit 435 selects the address from the prefetch
address gate circuit 47 and supplies the address to the main
memory 13.

When the pseudo instruction opcode “1 1 1 1”7 on the data
lines DLO to DL3 1s detected by the pseudo instruction
detection circuit 31, the upper and lower address holding
circuits 34 and 35 hold the branch destination address ADX
of the pseudo instruction. The pseudo instruction address
gate circuit 49 receives the branch destination address ADX
from the upper and lower address holding circuits 34, 35 and
supplies the branch destination address ADX to the second
address gate circuit 45 1n response to the wait signal WT
High. The second address gate circuit 45 receives the branch
destination address ADX from the address gate circuit 49
and selects the address ADX and invalidates the first fetch
signal RST1 supplied to the prefetch buffer 22 after the
address from the prefetch address gate circuit 47 become a
full address. When the address ADX 1s selected, the second
address gate circuit 45 supplies the address ADX to the main
memory 13, and the pseudo instruction address gate circuit
49 supplies the second fetch signal RST2 to the pseudo
instruction buffer 24. The pseudo instruction buifer 24 stores
the 1nstruction and data read from the main memory 13 1n
response to the second fetch signal RST2.

When the instruction and data of the address ADX are
transferred to the pseudo instruction buffer 24, the pseudo
instruction address holding circuit 48 increments the address
AD supplied from the second tag 25 and supplies a new
address to the pseudo address gate circuit 49. The new
address 1s supplied to the main memory via the second
address gate circuit 45. Thus, the mstruction and data of the
new address are transferred from the main memory 13 to the
pseudo 1instruction buffer 24, and instructions and data are

stored 1n the pseudo instruction buffer 24 with the branch
address ADX at the top.

When the pseudo instruction buifer 24 becomes full, the
pseudo 1instruction address holding circuit 48 supplies a
signal indicating a full address to the pseudo instruction
address gate circuit 49. The pseudo instruction address gate
circuit 49 invalidates the second fetch signal RST2 supplied
to the pseudo instruction buffer 24 1in accordance with the
full address signal and supplies the full address signal to the
second address gate circuit 45. The second address gate
circuit 45 selects an address supplied from the prefetch
address gate circuit 47 1n accordance with the full address
signal. The prefetch address gate circuit 47 supplies the
address supplied from the first tag 23 to the second address
gate circuit 45 and supplies the first fetch signal RST1 to the
prefetch buffer 22. The prefetch buffer 22 stores the instruc-
tion and data of the address of the prefetch address holding
circuit 46 read from the main memory 13 in response to the
first fetch signal RST1. Thus, the transfer of the instruction
and data to the prefetch buffer 22 1s restarted.

When the instruction and data of the address are trans-
ferred to the prefetch builer 22, the prefetch address holding
circuit 46 increments the address supplied from the first tag
23 and supplies a new address to the prefetch address gate
circuit 47. The new address 1s supplied to the main memory
13 via the second address gate circuit 45. Thus, the instruc-
tion and data of the new address are transferred from the
main memory 13 to the prefetch buifer 22, and instructions
and data are stored in the prefetch bufier 22.

When the prefetch bufler becomes full again, the prefetch
address holding circuit 46 supplies a signal indicating a full
address to the prefetch address gate circuit 47. The prefetch
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address gate circuit 47 invalidates the first fetch signal RST1
supplied to the prefetch bufier 22 1n accordance with the full
address signal and supplies the full address signal to the
second address gate circuit 45. The second address gate
circuit 45 does not select an address supplied from the
prefetch address gate circuit 47 1n accordance with the full
address signal. Accordingly, the supply of the address to the
main memory 13 1s stopped.

Next, the characteristics of the microcontroller 10 accord-
ing to the first embodiment are described.

(1) A pseudo instruction is provided before a branch
instruction in an assembled program. The pseudo 1nstruction
detection unmit 21 detects the pseudo instruction in the
instructions and data transferred to the prefetch butfer 22. By
detecting the pseudo instruction, the transfer of the branch
instruction 1s forecast before the branch instruction 1s trans-
ferred to the prefetch builfer 22, and the branch destination
address ADX 1s prestored 1n the pseudo instruction buffer
24. As a result, the mstruction execution unit 12 acquires the
branch instruction transferred after the pseudo instruction

from the pseudo istruction buifer 24 without encountering
mishit.

(2) The pseudo instruction detection unit 21 detects the
pseudo 1nstruction from the instruction and data transferred
on the data lines DL0 to DL3 between the main memory 13
and the prefetch buffer 22. Accordingly, the branch instruc-
tion 1s detected before 1t 1s transferred to the prefetch butler
22, and the branch instruction 1s prestored in the pseudo
instruction buffer 24 in accordance with the branch desti-
nation address ADX of the pseudo instruction. As a result,
the mstruction execution unit 12 acquires the branch instruc-
fion transferred after the pseudo instruction without any
mishit and executes the branch instruction.

(3) The pseudo instruction detection unit 21 is a simple
circuit mncluding the pseudo instruction detection circuit
(AND circuit) 31, the shift register 32, and the holding
circuits (D-type flip-flop circuits) 33, 34. Accordingly, com-
plexity of the circuit configuration of the microcontroller 1s
prevented.

(4) The pseudo instruction detection unit 21 detects the
pseudo instruction before the instruction and data are trans-
ferred to the prefetch buffer 22. In other words, 1n order to
detect the pseudo instruction, the instruction and data are
transferred between the prefetch buffer 22 and the pseudo
instruction detection unit 21. Accordingly, no special and
complex circuit for the data transfer 1s necessary. As a resullt,
complexity of the circuit configuration of the microcontrol-
ler 1s prevented.

(5) The branch destination address ADX is part of the
branch 1nstruction. The pseudo instruction detection unit 21
supplies the branch destination address ADX to the address
control unit 26 when the pseudo instruction 1s detected. The
branch destination address ADX 1s supplied to the main
memory 13 by the address control unit 26, and the instruc-
tion and data at the branch destination address ADX are
transterred from the main memory 13 to the pseudo nstruc-
tion buffer 24. Accordingly, the 1nstruction execution unit 12
1s able to immediately acquire the instruction at the branch
destination address ADX from the pseudo instruction butfer
24 without any mishit when executing the branch instruc-
tion.

(6) While the wait signal WT High is being held (i.e.,
when the instruction execution unit 12 does not directly read
the instruction and data from the main memory 13), the
instruction and data are transferred to the prefetch butfer 22
and the pseudo 1nstruction buffer 24. Accordingly, the main
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memory 13 1s used efficiently, and the number of instruc-
tions read from the main memory 13 per unit time increases.

(7) The pseudo instruction buffer 24 is provided indepen-
dently of the prefetch buffer 22. The instruction and data of
the jump destination address ADX of the pseudo 1nstruction
are transferred to the pseudo instruction buffer 24.
Accordingly, while the instruction and data of the address
ADX are stored in the pseudo instruction buifer 24, the
mnstruction execution unit 12 acquires the instruction and
data from the prefetch buffer 22 in accordance with the
address of the address counter 14 and can decode and

process the instruction and data.

Second Embodiment

FIG. 5 1s a schematic block diagram of the pseudo
instruction detection unit 21 of the microcontroller accord-
ing to a second embodiment of the present invention. When
an 1nstruction operand 1s “1 1 1 17, the pseudo 1nstruction
detection unit 21 prevents this operand from being incor-
rectly detected as a pseudo instruction.

As previously discussed, 1t 1s preferred that the pseudo
instruction opcode 1s “1 1 1 1”. The high-order two bits of
the opcode, which are “1 17, are used to define the number
of operands associated with the instruction. In this case,
there are three pseudo instruction operands (i.e., additional
information, upper address, and lower address). When the
opcode of an instruction 1s “1 01 17, the high-order two bits

of the opcode are “1 0”. Accordingly, there are two oper-
ands.

That is, the high-order two bits (highest order bit D3 and
bit D2) in a 4-bit opcode indicate the number of operands
following the opcode. Accordingly, when “D3 and D2” are
“0 07, the number of operands 1s zero. When “D3 and D2”
are “0 17, the number of operands 1s one. When “D3 and D2”
are “1 07, the number of operands 1s two. When “D3 and
D27 are “1 17, the number of operands 1s three.

The pseudo struction detection unit 21 includes the
pseudo 1nstruction detection circuit 31, the shift register 32,
the additional imformation holding circuit 33, the upper
address holding circuit 34, the lower address holding circuit
35, and a down counter 50 as a detection timing circuit. The
pseudo 1nstruction detection circuit 31 1s preferably an AND
circuit having five mput terminals connected to the data lines
DL0 to DL3 and the down counter 50. The pseudo 1nstruc-
tion detection circuit 31 outputs a detection signal SX High
when the instruction and data on the data lines DLO to DL3
are all “1” and the output signal from the down counter 50
1s “17.

The down counter 50 has a set mput terminal connected
to the data lines DL.3 and DL2 of high-order bits D3 and D2
and control signal mput and output terminals connected
together. The down counter 50, when the output changes
from “0” to “1”, holds the value “07, <1, “27, or “3” and sets
the value 1n response to the rising edge of a subsequent new
read strobe signal RST. The value “07, “17, “27, or “3”
corresponds to D3 and D2 “0 07, “0 17, “1 07, or “1 17,

respectively.

The down counter 50 decrements the set value 1n response
to the rising edge of the read strobe signal RST. The down
counter 50 supplies an output signal “1” when the subtrac-
tion value 1s “0” and an output signal “1” when the sub-
traction value 1s not “07, to the pseudo mstruction detection
circuit 31. Accordingly, the pseudo instruction detection
circuit 31 does not detect the pseudo instruction when the
output signal 1s “0”.

When the output signal “1” 1s supplied to the control
signal input terminal, the down counter 50 holds the high-
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order two bits D3 and D2 on the data lines DL3 and DL2 and
outputs the output signal “0”. The down counter 50 does not
hold the high-order two bits D3 and D2 when the output
signal “0” 1s supplied to the control signal input terminal.

Next, the operation of the pseudo instruction detection
unit 21 will be described. Hereupon, assume the pseudo
instruction 1s transferred after an opcode “1 0 X X”.
Accordingly, the high-order bits D3 and D2 of the opcode
are “1 07, and the number of operands 1s 2.

The pseudo struction detection circuit 31 receives the
opcode “1 0 X X” on the data lines DL0 to DL3 and the
output signal of the down counter 50 that changed from “0”
to “1”, and determines that the opcode 1s not the pseudo
instruction because the opcode “1 0 X X” mcludes “0”. The
down counter S0 holds the value “2” corresponding to the
high-order bits D3 and D2 “1 0” of the opcode 1n response
to the output signal “1” and outputs the output signal “0”.

The down counter 50 then sets the value “2” 1n response
to the rising edge of the read strobe signal RST. At the rising
edge of the read strobe signal RST, a first operand 1is
transferred following the opcode “1 0 X X”. However, the
pseudo mstruction detection circuit 31 does not detect the
first operand as the pseudo instruction because the output
signal of the down counter 50 1s “0”.

Subsequently, the down counter 50 holds the subtraction
value “1” 1n response to the rising edge of a new read strobe
signal RST. At the rising edge of the new read strobe signal
RST, a second operand 1s transterred. However, the pseudo
instruction detection circuit 31 does not detect the second
operand as the pseudo instruction because the output signal
from the down counter 50 1s “0”.

The down counter 50 holds the value “3” corresponding
to the high-order bits D3 and D2 “1 1”7 1n response to the
output signal “1” and outputs the output signal “07.
Subsequently, even 1f the three operands are transferred after
the opcode of the pseudo 1nstruction, the output signal “0”
1s output from the down counter 50 during the transfer of the
operand. Accordingly, the pseudo 1instruction detection cir-
cuit 31 does not detect an operand as the pseudo 1nstruction.
In other words, the detection period of the pseudo 1nstruction
detection circuit 31 1s limited at the transfer of the opcode.
Even if the same operand as the opcode of the pseudo
instruction exists, the operand will not be incorrectly
detected as the pseudo mstruction. As a result, the degree of
freedom of program design 1s 1mproved.

In the second embodiment, the down counter S0 sets the
number of operands based on the high-order two bits of the
opcode. Instead, the down counter 50 may set the instruction
length obtained by adding 1 to the number of operands. In
this case, the down counter 50 holds and subtracts the

instruction length 1n response to the rising edge of the read
strobe signal RST.

It should be apparent to those skilled in the art that the
present 1nvention may be embodied 1n many other specific
forms without departing from the spirit or scope of the
invention. Particularly, 1t should be understood that the
invention may be embodied in the following forms.

1) While the branch instruction corresponding to the
pseudo 1nstruction 1s being transferred to the pseudo instruc-
tion buifer 24 after the pseudo instruction has been detected
by the pseudo instruction detection unit 21, the mstruction
and data transfer from the main memory 13 to the prefetch
buffer 22 may be continued. In this case, the additional
information 1s used. The additional information includes
information on the amount of time required until the corre-
sponding branch instruction 1s transferred to the prefetch
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buffer 22 after the pseudo instruction has been transferred.
For example, as shown m FIG. 3 by a dashed line, the
additional information holding circuit 33 supplies the addi-
tional information to the prefetch address holding circuit 46.
The prefetch address holding circuit 46 supplies a signal for
preferentially selecting the address from the pseudo instruc-
tion address gate circuit 49 to the second address gate circuit
45 when 1t identifies the completion of transferring the
branch instruction to the prefetch buffer 22 1 accordance
with the additional mmformation. By using the additional
information 1n this manner, the instruction and data are
transferred from the main memory 13 to the pseudo mnstruc-
tion builer 24 before the branch instruction 1s executed by
the 1nstruction execution unit 12.

2) When the pseudo instruction was detected, without
waiting for the fact that the prefetch buffer 22 becomes a full
address, the instruction and data transfer to the prefetch
buffer 22 are interrupted and the instruction and data of the
jump destination address ADX may be transferred to the
pseudo 1nstruction buflfer 24. In this case, before the instruc-
tion execution unit 12 executes all of the instructions from
the prefetch buifer 22, the mstruction and data of the jump
destination address ADX are stored 1n the pseudo instruction
buffer 24. When the pseudo instruction buffer 24 becomes
full, the branch instruction and data to be transferred sub-
sequently may be stored in the prefetch buifer 22.

Further, when the transfer of the branch mstruction to the
prefetch buffer 22 1s completed after the pseudo instruction
has been detected, the instruction and data transfer to the
prefetch buffer 22 may be interrupted. Also in this case,
when the prefetch address holding circuit 46 receives the
additional information, it supplies a signal for preferentially
selecting the address from the pseudo instruction address
gate circuit 49, to the second address gate circuit 45 when 1t
identifies the completion of transferring the branch instruc-
tion to the prefetch buffer 22 1n accordance with the addi-
tional information.

3) The pseudo instruction may be set for at least one of the
unconditional branch instruction, conditional branch, CALL
instruction, and data calling instruction.

4) The address control unit 26 holds the address of one
previous 1nstruction or data item to the pseudo instruction
when the pseudo 1nstruction was detected. When the address
control unit 26 receives the address of the one previous
mstruction or data item from the address counter 14, 1t then
ignores the address of the pseudo 1nstruction supplied from
the address counter 14 and supplies the address of the
instruction or data next to the pseudo 1nstruction to the main
memory 13. In this case, the mstruction execution unit 12
immediately processes the instruction or data next to the
pseudo 1nstruction without processing the pseudo instruc-
fion.

Accordingly, the processing time of the instruction execu-
tion unit 12 1s shortened.

5) The address control unit 26 may check whether the
mnstruction and data of the branch destination address ADX
of the detected pseudo mstruction have already been stored
in the pseudo instruction buifer 24, for example, by com-
paring the branch destination address ADX and the tag
information of the first and second tags 23 and 25. When the
instruction and data have already been stored, the instruction
and data are not prefetched. This check prevents useless
prefetch and enables efficient prefetch.

6) An opcode for different pseudo instructions may be set
for the unconditional branch instruction, conditional branch

instruction, CALL instruction, and data calling instruction.
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In this case, the additional information of the pseudo mstruc-
tion of the unconditional branch instruction may be set. The
address control unit 26 prefetches the instruction and data
based on the additional information until the transfer of the
unconditional instruction to the prefetch buffer 22 1s com-
pleted and stores the jump destination instruction and data 1n
the pseudo 1nstruction bufler 24 after having transferred the
unconditional instruction.

Further, the additional mnformation of the pseudo infor-
mation of the conditional branch instruction may be set. The
address control unit 26 prefetches the instruction and data
based on the additional mmformation until the transter of the
conditional branch instruction to the prefetch buifer 22 is
completed and alternately stores the jump destination
instruction and data in the pseudo 1nstruction butfer 24 and
the instruction and data in the prefetch buffer 22. It is
preferable that the buffer switching timing 1s determined on
the number of transfer instructions and data pieces.

The additional information of the pseudo instruction of
the CALL instruction may be set. The address control unit
26 prefetches the instruction and data based on the addi-
tional information until the transfer of the CALL instruction
to the prefetch buffer 22 1s completed, stores the jump
destination instruction and data in the pseudo 1nstruction
buffer 24 after having transferred the CALL 1nstruction, and
subsequently restores the 1nstruction and data in the prefetch

butter 22.

The additional information of the pseudo instruction of
the data calling mnstruction may be set. The address control
unit 26 prefetches the instruction and data based on the
additional information until the transfer of the data calling
instruction to the prefetch buifer 22 1s completed, stores the
instruction and data required for the pseudo instruction
bufler 24 after having transferred the data calling instruction,
and subsequently stores the instruction and data in the
prefetch buffer 22.

7) One pseudo instruction opcode “1 1 1 17 for the
unconditional branch instruction, conditional branch
instruction, CALL instruction, and data calling instruction
may be set. Further, additional information for discriminat-
ing the unconditional branch instruction, conditional branch
instruction, CALL instruction, and data calling instruction
may be sef.

8) The pseudo instruction may be set so that the uncon-
ditional branch instruction, conditional branch instruction,
CALL 1nstruction, and data calling instruction may be
discriminated, respectively. Further, an exclusive pseudo
instruction buffer may be set for each of the unconditional
branch instruction, conditional branch instruction, CALL
instruction, and data calling instruction. For example, the
address control unit 26 stores the jump destination instruc-
tion and data of the address in the buffer for the uncondi-
tional branch 1nstruction when the pseudo mstruction of the
unconditional branch instruction was detected.

9) The opcode of the pseudo instruction for the uncondi-
tional branch mstruction, conditional branch instruction, and
the CALL instruction may be setto “1 1117, and the opcode
of the pseudo 1nstruction for the data calling instruction may
be set to “1 1 1 0”. When the lowest order bit of the opcode
1s set to “07, the pseudo instruction for the data calling
instruction differs from another pseudo instruction. In this
case, the pseudo 1nstruction detection circuit 31 receives the
high-order three bits of the opcode on the data lines DL1 to
DL3, and the address control unit 26 receives the lowest
order bit of the opcode on the data line DL0. The address
control unit 26 determines the pseudo instruction for the data
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calling instruction based on the detection of the pseudo
instruction by the pseudo mstruction detection circuit 31 and
the fact that the lowest order bit 1s “1” or “0”. The address
control unit 26 further prefetches the instruction and data
until the transfer of the data calling instruction to the
prefetch buil

er 22 when the pseudo nstruction for the data
calling instruction 1s detected. The address control unit 26

subsequently stores the instruction and data in the prefetch
buffer 22 after the instruction and data required for the
pseudo 1nstruction buft

er 24 have been stored.

10) The priority information may be included in the
additional information of the pseudo instruction. The
address control unit 26 may preferentially prefetch the
prefetch buffer 22 or may preferentially prefetch the pseudo
instruction buffer 24 based on the additional information.

11) The prefetch buffer 22 and the pseudo instruction
buffer 24 may be cache memories instead of FIFO memo-
ries.

12) The prefetch buffer 22 and the pseudo instruction
buffer 24 may be buifers of the FIFO memory having a large
storage capacity. In this case, for example, when the pseudo
instruction 1s detected, the address control unit 26 prefetches
the mstruction and data until the transfer of an instruction for
the pseudo nstruction to the buffer 1s a completed and

subsequently stores the jump destination mstruction and data
to the end.

Therefore, the present examples and embodiments are to
be considered as illustrative and not restrictive and the
invention 1s not to be limited to the details given here, but
may be modified within the scope and equivalence of the
appended claims.

What 1s claimed 1s:

1. A method for prefetching a program stored 1n a
memory, the method comprising the steps of:

reading the program from the memory, wherein the pro-
oram Includes a pseudo instruction and at least one
instruction, the pseudo instruction being arranged
before the at least one instruction and including an
address for an 1nstruction;

detecting the pseudo instruction with a first unit;

reading the instruction from the memory in accordance
with the address for the mstruction with the first unit
when the pseudo nstruction 1s detected;

storing the instruction in a buffer;

executing the at least one 1nstruction following the pseudo
instruction without executing the pseudo instruction;
and

executing the stored instruction with a second unat.

2. The method of claim 1, wherein the first unit includes
a pseudo 1nstruction detection unit connected 1n parallel with
the buifer, wherein the step of detecting the pseudo imstruc-
tion 1ncludes supplying the program read from the memory
to the pseudo instruction detection unit 1n parallel with the
buffer.

3. The method of claim 1, wherein the buffer includes first
and second buffers connected 1n parallel to the memory, and
the method further comprising a step of storing the nstruc-
fion read from the memory in the first buffer and storing the
instruction mcluded in the detected pseudo 1nstruction in the

second buffer.
4. The method of

identitying that the at least one instruction following the
pseudo 1nstruction has been transferred to the first
buffer with the first unit when the pseudo instruction 1s
detected; and

claim 3, further comprising the steps of:
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prefetching the instruction from the memory i1n accor-
dance with the at least one nstruction address with the
first unit after the transfer of the at least one 1nstruction
to the first buffer has been 1dentified.

5. The method of claim 4, further comprising the step of
identifying that the corresponding instruction 1s stored in the
second buffer in accordance with the address when the
pseudo 1nstruction 1s detected, wherein the prefetch step 1s
executed when the corresponding instruction 1s not stored in
the second bulifer.

6. The method of claim 1, further comprising the steps of:

1dentifying that the at least one instruction following the
pseudo 1struction has been transferred to the buifer

with the first unit when the pseudo instruction 1is
detected; and

prefetching the instruction and the data from the memory
in accordance with the address with the first unit after
the transfer of at least one instruction to the buifer has
been 1dentified.

7. The method of claim 6, further comprising the step of
identifying that the corresponding instruction 1s stored in the
buffer in accordance with the address with the first unit when
the pseudo instruction 1s detected, wherein the prefetch step
1s executed when the corresponding instruction 1s not stored
in the buffer.

8. The method of claim 1, further comprising handling the
pseudo instruction as a no-operation (NOP) instruction when
the pseudo 1nstruction 1s detected.

9. The method of claim 1, further comprising the second
unit 1ignoring an address for the pseudo instruction when
receiving the address for the instruction to skip the pseudo
instruction.

10. The method of claim 1, wherein the stored instruction
1s executed 1n a next cycle after the at least one instruction
1s executed.

11. The method of claim 1, further comprising holding an
address of at least one previous instruction when the pseudo
Instruction 1s detected.

12. A microcontroller, comprising:

a bufler, connected to a memory, for storing a program
read from the memory, wherein the program includes a
pseudo 1nstruction and at least one branch instruction,
the pseudo 1nstruction being arranged before the at least
one 1nstruction and including an address for a an
mstruction;

a first unit including,

a pseudo instruction detection unit, connected to the
memory, for detecting the pseudo instruction included
in the program read from the memory; and

an address control unit, connected to the memory and the
pseudo 1nstruction detection unit, for reading the
instruction from the memory 1n accordance with the
address for the instruction when the pseudo instruction
1s detected and storing the instruction 1n the buffer; and

a second unit connected to the buffer, for executing the at
least one 1nstruction following the pseudo instruction
without executing the pseudo instruction, wherein the
second unit executes the instruction stored 1n the buifer.

13. The microcontroller of claim 12, wherein the buffer
includes first and second buflers connected 1n parallel to the
memory, wherein the first buffer stores the instruction read
from the memory, and the second bufler stores the instruc-
tion included in the detected pseudo instruction.

14. The microcontroller of claim 13, wherein the address
control unit identifies that the corresponding instruction is

stored 1n the second buflfer in accordance with the address
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when the pseudo 1nstruction 1s detected and permits storage
of the instruction 1n the second bufier when the correspond-
ing instruction 1s not stored 1n the second bulifer.

15. The microcontroller of claim 14, wherein the pseudo
instruction detection unit 1s connected in parallel with the
first buffer for the memory.

16. The microcontroller of claim 12, wherein the address
control unit identifies that the corresponding instruction is
stored 1n the buffer 1n accordance with the address when the
pseudo 1nstruction 1s detected and permits storage of the
instruction in the buffer when the corresponding instruction
1s not stored 1n the buffer.

17. The microcontroller of claim 16, wherein the pseudo
instruction detection unit 1s connected 1n parallel with the
buffer for the memory.

18. The microcontroller of claim 12, wherein the second
unit handles the pseudo instruction as a no-operation (NOP)
instruction when the pseudo instruction is detected.

19. The microcontroller of claim 12, wherein the second
unit ignores an address for the pseudo instruction when
receiving the address for the instruction to skip the pseudo
Instruction.

20. A method for prefetching a program stored in a
memory, the method comprising the steps of:

reading the program from the memory, wherein the pro-
oram Includes a pseudo instruction and at least one
instruction, the pseudo instruction being arranged
before the at least one instruction and including an
address for an instruction;

detecting the pseudo instruction with a first unit;

prefetching the 1nstruction 1n accordance with the instruc-
tion with the first unit when the pseudo instruction 1s
detected;

handling the pseudo instruction as a no-operation (NOP)
instruction when the pseudo mstruction 1s detected with
a second unit; and

executing the at least one 1nstruction following the pseudo
instruction with the second unit without executing the
pseudo 1nstruction.
21. A method for prefetching a program stored 1n a
memory, the method comprising the steps of;

reading the program from the memory, wherein the pro-
oram 1ncludes a pseudo instruction and at least one
instruction, the pseudo 1instruction being arranged
before the at least one instruction and including an
address for an 1nstruction;

detecting the pseudo instruction with a first unit when the
pseudo 1nstruction 1s detected;

prefetching the instruction in accordance with the detec-
tion of the pseudo instruction with the first unait;

when recewving the address for the instruction with a
second unit, which 1s independent of the first unit, and
skipping the pseudo instruction; and

executing the at least one 1nstruction following the pseudo
instruction without executing the pseudo instruction,
and

executing the prefetched instruction.
22. An apparatus for prefetching a program stored in a
memory, the apparatus comprising;:

10

15

20

25

30

35

40

45

50

55

60

138

a first unit for reading the program from the memory,
wherein the program includes a pseudo instruction and
at least one instruction, the pseudo instruction being
arranged before the at least one 1nstruction and 1nclud-
ing an address for an instruction, and wherein the first
unit detects the pseudo instruction and prefetches the
instruction when the pseudo instruction 1s detected; and

a second unit for executing a no-operation (NOP) opera-
tion 1n accordance with the detection of the pseudo
instruction and executing the at least one instruction
without executing the pseudo instruction.

23. An apparatus for prefetching a program stored 1n a

memory, the apparatus comprising;:

a first unit for reading the program from the memory,
wherein the program includes a pseudo instruction and
at least one 1instruction, the pseudo instruction being
arranged before the at least one 1nstruction and 1nclud-
ing an address for an instruction, and wherein the first
unit detects the pseudo instruction and prefetches the
instruction when the pseudo 1nstruction is detected; and

a second unit for executing the prefetched instruction,
wherein the second unit 1gnores an address for the
pseudo 1nstruction when receiving the address for the
instruction to skip the pseudo instruction, and wherein
the second unit executes the at least one instruction
without executing the pseudo instruction.

24. An apparatus for prefetching a program stored 1n a

memory, the apparatus comprising;:

a first unit for reading the program from the memory,
wherein the program includes a pseudo instruction and
at least one instruction, the pseudo instruction being
arranged before the at least one 1nstruction and 1nclud-
ing an address for an instruction, and wherein the first
unit reads the instruction from the memory 1n accor-
dance with the address for the instruction when the
pseudo 1nstruction 1s detected, wherein the first unit
includes a buffer for storing the instruction; and

a second unit for executing the at least one instruction
following the pseudo instruction without executing the
pseudo 1nstruction, wherein the second unit executes
executing the stored instruction.

25. A method for prefetching a program stored m a

memory, the method comprising the steps of:

reading the program from the memory, wherein the pro-
oram 1ncludes a pseudo instruction and at least one data
calling 1instruction, the pseudo instruction being
arranged before the data calling instruction and includ-
ing an address for calling data;

detecting the pseudo instruction with a first unit;

reading the data from the memory in accordance with the
address for the calling data with the first unit when the
pseudo 1nstruction 1s detected;

storing the data in a buffer; and

executing the data calling mstruction with a second unit
without executing the pseudo instruction.
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